Low molecular weight heparin (LMWH) and vitamin K antagonist (VKA) have established role in the prevention of venous thromboembolism (VTE) (which includes deep vein thrombosis and pulmonary embolism) during hip and knee replacement surgery ([@CIT0001]--[@CIT0003]). However, their efficacy and safety may be limited by the route of administration for heparins and significant drug--drug and drug--food interactions, requiring careful dose adjustment for VKA ([@CIT0004], [@CIT0005]). Apixaban (factor Xa inhibitor) offers advantages of having fixed dosing schedules and oral route of administration and does not require any laboratory monitoring ([@CIT0006], [@CIT0007]). Studies have shown that apixaban is as clinically effective as LMWH and appear to be safer in terms of major bleeding risks, composite outcome of symptomatic and asymptomatic deep vein thrombosis (DVT), non-fatal pulmonary embolism (PE), and death from any cause ([@CIT0008]--[@CIT0010]).

Several studies ([@CIT0008]--[@CIT0010]) comparing the efficacy and safety of apixaban to enoxaparin for VTE prevention have been carried out with results showing superior efficacy in terms of composite outcomes and similar bleeding rates. Although ADVANCE I trial reported higher rates of PE in the apixaban group, this was attributed to chance. In this study, we sought to critically analyze the rates of PE with apixaban incorporating data from additional trials and further study PE rates in subgroup of patients undergoing knee replacement surgery (ADVANCE I and II) trials given their similar indication and design.

Methods {#S0002}
=======

A protocol containing background, objectives, and inclusion and exclusion criteria of the studies along with outcomes and statistical methods can be obtained for review upon request to investigators.

Literature search, data extraction, and study selection {#S0002-S20001}
-------------------------------------------------------

A systematic search of MEDLINE (via PubMed), EMBASE, SCOPUS, and clinical trials.gov (from inception to January 2014) was carried out to identify eligible phase III randomized controlled trials (RCTs). MEDLINE, EMBASE, SCOPUS, and clinicaltrials.gov databases were searched using the search terms under two search themes and combined using the Boolean operator 'AND'. For the theme 'apixaban', we used a combination of MeSH, entry terms and text words: (*apixaban* OR *Factor Xa/antagonists and inhibitors* OR *factor Xa inhibitor*). For the theme 'hip or knee surgery', we used a combination of MeSH, entry terms and text words: (*hip surgery* OR *hip arthroplasty* OR *hip replacement* OR *joint replacement* OR *knee surgery* OR *knee replacement* OR *knee arthroplasty* OR *joint surgery*). No language restriction was used. Multiple papers with same titles and same authors were excluded to minimize duplications.

Two authors (MRA and SG) screened and retrieved reports excluded irrelevant studies and finalized the studies to be included. An additional author (AP) participated in the resolution process when uncertainty was encountered. From the included studies, we extracted and tabulated mean age, female gender, mean days of hospitalization, history of VTE, creatinine clearance, duration of prophylaxis, dose of apixaban and enoxaparin, primary efficacy outcome, safety outcome, type of surgery, and follow-up period ([Table 1](#T0001){ref-type="table"}).

###### 

Baseline characteristics of the included randomized clinical trials

                                                                   ADVANCE I                                                                               ADVANCE II                                                                              ADVANCE III                                                                                                               
  ---------------------------------------------------------------- --------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------- ----------------- --------------- -----------------
  Mean age (years)                                                 65.9                                                                                    65.7                                                                                    65.6                                                                                    65.9              60.9            60.6
  Female gender *n* (%)                                            997 (62)                                                                                986 (62)                                                                                1089 (71)                                                                               1127 (74)         1430 (53)       1451 (54)
  Mean duration of hospitalization (days)                          6.3                                                                                     6.4                                                                                     11.5                                                                                    11.7              9.3             9.2
  History of VTE *n* (%) Deep-vein thrombosis/pulmonary embolism   57 (4)/10 (1)                                                                           47 (3)/6 (\<1)                                                                          36 (2)/10 (\<1)                                                                         32 (2)/10 (\<1)   41 (2)/17 (1)   47 (2)/11 (\<1)
  Estimated creatinine clearance \>50 ml/min *n* (%)               1388 (86.8)                                                                             1377 (86.3)                                                                             1386 (91)                                                                               1399 (91)         2563 (95)       2557 (95)
  Duration of prophylaxis                                          10--14 days                                                                             10--14 days                                                                             35 days                                                                                                                   
  Dose of apixaban/enoxaparin (mg)                                 2.5 twice daily/30 twice daily                                                          2.5 twice daily/40 once daily                                                           2.5 twice daily/40 once daily                                                                                             
  Primary efficacy outcome                                         Asymptomatic and symptomatic DVT, non-fatal PE, death from any cause during treatment   Asymptomatic and symptomatic DVT, non-fatal PE, death from any cause during treatment   Asymptomatic and symptomatic DVT, non-fatal PE, death from any cause during treatment                                     
  Safety outcome                                                   Major or clinically relevant non-major bleeding                                         Major or clinically relevant non-major bleeding                                         Major or clinically relevant non-major bleeding                                                                           
  Follow-up period                                                 60 days after treatment                                                                 60 days after treatment                                                                 60 days after treatment                                                                                                   
  Time when apixaban started                                       12--24 h post-surgery                                                                   12--24 h after wound closure                                                            12--24 h after wound closure                                                                                              
  Time when enoxaparin started                                     12--24 h post-surgery                                                                   12 h prior to surgery                                                                   12 h prior to surgery                                                                                                     
  Type of surgery                                                  Total knee replacement                                                                  Total knee replacement                                                                  Hip replacement                                                                                                           
  Method for identifying DVT                                       Bilateral venography                                                                    Bilateral venography                                                                    Bilateral venography                                                                                                      
  Methods for identifying PE                                       VQ scan, Spiral CT or pulmonary angiography                                             V-Q, Spiral CT or pulmonary angiography                                                 V-Q, Spiral CT or pulmonary angiography                                                                                   

In order to conduct this meta-analysis, the PRISMA statement for reporting systematic reviews as recommended by the Cochrane Collaboration was followed ([Fig. 1](#F0001){ref-type="fig"}) ([@CIT0011]). The inclusion criteria for this study were: 1) phase III RCTs; 2) participants randomized to apixaban as intervention and LMWH as control group; 3) thromboprophylaxis used for knee or hip replacement/surgery; and 4) studies that assessed the occurrence of VTE as an outcome. The RCTs were excluded if they did not primarily assess prevention of VTE or if any other anticoagulants (including factor Xa inhibitor other than apixaban) were used. The primary outcomes of interest in our study were symptomatic DVT, PE, and bleeding events. Other outcomes, including asymptomatic DVT, major VTE, all DVT, VTE-related deaths, all-cause deaths, major bleeding, were not analyzed to prevent redundancy in publication as these have already been done in previous studies ([@CIT0012]).

![Flow chart describing systematic literature search and study selection process.](JCHIMP-5-27889-g001){#F0001}

Statistical analysis and assessment of risk of bias {#S0002-S20002}
---------------------------------------------------

Data from each study were compared and interpreted using RevMan version 5.2 (Cochrane Collaboration, Oxford, United Kingdom). The summary odds ratio (OR) and 95% confidence intervals (CI) were estimated using a Mantel--Haenszel random effect method to account for heterogeneity as their assumption account for presence of variability among the studies. Using *I*^2^ statistics the percentage of heterogeneity was calculated. When interpreting heterogeneity, *I*^2^ values less than 30% were considered as low heterogeneity, less than 60% as moderate, and greater than 60% as high ([@CIT0013]). A *p* value of \<0.05 was used as the level of significance. Assessment of risk of bias was performed using Jadad score ([@CIT0014]).

Results {#S0003}
=======

Characteristics of included studies {#S0003-S20001}
-----------------------------------

Out of 248 studies screened only 3 studies met the inclusion criteria. The steps of literature review and selection are summarized in [Fig. 1](#F0001){ref-type="fig"}. Three studies included a total of 11,659 patients randomized to apixaban (*n*=5,835) and enoxaparin (*n*=5,824).

The three included studies are slightly different in terms of the design and characteristics ([Table 1](#T0001){ref-type="table"}). Specifically, in ADVANCE III trial apixaban was used for hip replacement and the duration of apixaban therapy was for 4 weeks while ADVANCE I and II trials were done for knee replacement and the duration of apixaban therapy was for 2 weeks. The mean follow-up period was 60 days in all three studies. Each study looked at the same outcomes, which included composite outcome of asymptomatic and symptomatic DVT, non-fatal PE, and all-cause death during treatment. For our analysis, we included the incidence of symptomatic DVT and bleeding events in three studies. Further subgroup analyses for the rates of PE, major VTE, asymptomatic DVT, all DVTs, VTE-related deaths, all-cause deaths, and major bleeding were done based on the type of surgery. Each study got Jadad score of 5, which suggests high-quality studies.

Outcomes {#S0003-S20002}
--------

### Symptomatic DVT

In the three clinical trials involving 11,659 patients, DVT occurred in 7 of 5,835 (0.12%) treated with apixaban and 19 of 5,824 (0.32%) treated with enoxaparin. The combined effect size was significant (OR=0.38, 95% CI 0.16--0.90, *Z*=2.19, *p*=0.03, *I* ^2^=0%). The absolute risk reduction was 0.2%. The number needed to treat to prevent one DVT was 500 ([Fig. 2](#F0002){ref-type="fig"}).

![Meta-analysis of symptomatic DVT. Comparator: apixaban versus enoxaparin.](JCHIMP-5-27889-g002){#F0002}

### Overall bleeding

Overall bleeding occurred in 502 of 5,770 (8.70%) in apixaban group compared to 568 of 5,755 (9.86%) in enoxaparin group (pooled OR 0.87, 95% CI 0.77--0.99, *p*=0.03, *I* ^2^=0%) as shown in [Fig. 3](#F0003){ref-type="fig"}. The absolute risk reduction was 1.16%. The number needed to treat to prevent one overall bleeding was 82 ([Fig. 3](#F0003){ref-type="fig"}).

![Meta-analysis of bleeding events. Comparator: apixaban versus enoxaparin.](JCHIMP-5-27889-g003){#F0003}

### Pulmonary embolism

In the three trials, PE occurred in 23 out of 5,835 (0.39%) in apixaban group and in 12 out of 5,824 (0.2%) in enoxaparin group. The pooled odds ratio was OR=1.71 (95% CI 0.52--5.64, *Z*=0.89, *p*=0.38, *I* ^2^=47%). However, in patients undergoing knee replacement surgery, the rates of PE was 20 of 3,127 (0.63%) in apixaban group compared to 7 of 3,125 (0.22%) in enoxaparin group (pooled OR 2.58, 95% CI 1.1--6.04, *Z*=2.18, *I* ^2^=0%, *p*=0.03) as shown ([Fig. 4](#F0004){ref-type="fig"}). There was significantly increased rate of PE in apixaban group of patients undergoing knee replacement surgery. The number needed to harm was 240.

![Meta-analysis of pulmonary embolism. Comparator: apixaban versus enoxaparin.](JCHIMP-5-27889-g004){#F0004}

Further subgroup analyses in knee replacement surgery patients showed similar rates of all DVT (10.93% vs. 15.81%, OR 0.70, 95% CI 0.40--1.24, *p*=0.22, *I* ^2^=89%) ([Supplementary file 1](http://www.jchimp.net/index.php/jchimp/rt/suppFiles/27889/0)), VTE-related deaths (0.07% vs. 0.00%, OR = 3.00, 95% CI 0.12--73.80, *p*=0.50, *I* ^2^=not applicable) ([Supplementary file 2](http://www.jchimp.net/index.php/jchimp/rt/suppFiles/27889/0)), and all-cause deaths (0.16% vs. 0.10%, OR 1.42, 95% CI 0.34--5.85, *p*=0.63, *I* ^2^=0%) ([Supplementary file 3](http://www.jchimp.net/index.php/jchimp/rt/suppFiles/27889/0)), whereas lower rates of major VTE (1.09% vs. 2.17%, OR 0.50, 95% CI 0.25--0.97, *p*=0.04, *I* ^2^=not applicable) ([Supplementary file 4](http://www.jchimp.net/index.php/jchimp/rt/suppFiles/27889/0)), asymptomatic DVT (0.67% vs. 2.09%, OR 0.32, 95% CI 0.14--0.71, *p*=0.005, *I* ^2^=not applicable) ([Supplementary file 5](http://www.jchimp.net/index.php/jchimp/rt/suppFiles/27889/0)), and major bleeding (0.65% vs. 1.16%, OR 0.56, 95% CI 0.32--0.96, *p*=0.03, *I* ^2^=0%) ([Supplementary file 6](http://www.jchimp.net/index.php/jchimp/rt/suppFiles/27889/0)).

Discussion {#S0004}
==========

Findings {#S0004-S20001}
--------

The main aim of this study was to critically analyze the efficacy of apixaban over enoxaparin in thromboprophylaxis of patients undergoing knee or hip replacement as well as to assess the safety outcome in terms of overall bleeding events. Our analysis showed that while the risk of symptomatic DVT and overall bleeding was significantly less with the use of apixaban than with enoxaparin, risk of PE was significantly higher in patients undergoing knee replacement surgery. Earlier, it was hypothesized that increased rates of PE in ADVANCE I trial was due to chance ([@CIT0008]). However, after combining the data from two studies, ADVANCE I and II ([@CIT0008], [@CIT0010]), our analysis shows that there is definitely an increased risk of PE with apixaban when used for thromboprophylaxis in patients undergoing knee replacement surgery. As both DVT and PE are considered to be a part of the same disease process, it is surprising that higher rates of PE were seen in these patients although the rates of DVT were actually lower. Although biological plausibility of this finding is difficult to explain, it might be due to 1) complete embolization of thrombi from peripheral veins, leaving no detectable DVT upon imaging; 2) clots originating in the upper extremities, which were not studied in these trials; and 3) de novo clot formation in the pulmonary circulation. The increased risk of PE with patients undergoing knee surgery in comparison to those undergoing hip replacement might be due to the shorter duration of therapy (2 weeks vs. 4 weeks). However, it should be noted that there was a non-significant increased risk of PE in ADVANCE III, which had longer duration of apixaban therapy (up to 4 weeks). Another explanation could be different dosing regimen of enoxaparin. Both studies ADVANCE I and II compared same apixaban dosing with different dosing and timing of enoxaparin. In ADVANCE I, 30 mg enoxaparin, two times daily, starting 20 hours after surgery was used compared to 40 mg enoxaparin per day that was started before surgery and resumed 19 hours after surgery in ADVANCE II trial. The rates of PE in enoxaparin group in ADVANCE I trial was slightly higher than in ADVANCE II. Whether this difference was due to different dosing and timing of enoxaparin in 2 studies remains uncertain, as there has been no direct comparison between them.

Comparison with similar studies {#S0004-S20002}
-------------------------------

Two previous meta-analyses published on thromboprophylaxis with apixaban in orthopedic population have not investigated the role of apixaban in risk of PE in orthopedic patients undergoing knee replacement. The first meta-analysis published in 2012 performed pooled analysis of ADVANCE II and III ([@CIT0012]). The pooled analysis showed beneficial effect of apixaban and concluded that apixaban 2.5 mg was more effective than enoxaparin 40 mg once daily in preventing major VTE. While this meta-analysis showed no difference in non-fatal PE, we believe the data were biased because ADVANCE II was designed to see efficacy in patients with knee replacement and ADVANCE III was designed for hip replacement. The duration of apixaban was significantly different from 2 weeks in ADVANCE II and 4 weeks in ADVANCE III. Another meta-analysis published later in 2012 that included all three trials ADVANCE I, II, and III did not perform sub-group analysis based on the type of surgery (i.e., knee replacement vs. hip replacement) ([@CIT0015]).

### Clinical implications

US FDA has recently approved apixaban for the thromboprophylaxis during hip or knee surgery while this has been approved for use in Europe for a while. Our findings regarding apixaban and risk of PE are concerning and demand further investigation, as this is bound to have serious implications on the morbidity and mortality in patients undergoing knee replacement surgeries.

Strength and limitations {#S0004-S20003}
------------------------

This is the first analysis that suggests that there could be increased risk of PE in patients undergoing knee replacement surgery with apixaban when used for thromboprophylaxis compared to enoxaparin. The potential limitation of this analysis can arise from the fact that the number of studies included was small. However, it should be noted that there were only two studies that have used the apixaban for the knee replacement and for the same duration of treatment. One study was not included since this was phase II trial ([@CIT0016]) and did not meet our inclusion criteria. We took rigorous steps in conduct of this meta-analysis using PRISMA statement; therefore, we believe that these findings are valid and robust. Since patient-level data were not available, time to event analysis could not be performed. One can speculate that PE could have occurred after completion of a 2-week course of apixaban in ADVANCE I and in ADVANCE II and that longer duration of apixaban in ADVANCE III could have prevented PE. The implications of having increased risk of PE in this subgroup of patients could not be assessed since the length of hospitalization, fatality rates, and cost could not be determined due to the lack of patient-level data.

Conclusion {#S0005}
==========

In our study, apixaban compared to enoxaparin was found to be associated with lower risk of symptomatic DVT and bleeding when used for thromboprophylaxis in patients undergoing knee and hip replacement surgeries as was concluded by the individual studies. However, it was associated with higher risk of PE in patients undergoing knee replacement surgery. Furthermore, these findings need to be ascertained in larger RCTs looking at this subgroup.
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